rough-core connection has been proven to be an ideal solution to ensure a rigid connection between steel beams and CFST columns. However, the traditional through-core connection sometimes encounters concrete filling problems. A modified through-core connection design with details of reduced flange width was therefore proposed. rough-core reinforcements were added as supplements for tension load transfer. e monotonic loading tests and comprehensive FE simulations were performed to investigate the load bearing performance and working mechanism of this modified connection. e results indicated that the modified through-core connection presented plasticity hinge failure at the beam end and crack formulation and progradation at the RC slab. e reduced flange width reduced the strength of the connection, but the reduction extent was limited. Due to the through-core construction, the majority of internal forces at the beam were directly transferred into the column. e through-core reinforcement can effectively participate in load bearing after the connection yields. e flange width reduction extent and the length of the reduction region must be controlled to ensure sufficient connection strength. e number of shear studs and TC reinforcements can influence the load bearing ability, and design suggestions are provided for the modified throughcore connection.
Introduction
Concrete-filled steel tube (CFST) columns synthesize the advantages of steel tubes and compressed concrete and have been increasingly utilized in Asian and European countries due to their high strength and good ductility. In recent years, CFST columns, especially rectangular CFST columns, have been extensively used in high-rise buildings, especially in earthquake-prone areas. A critical feature that is directly related to the resilience and aseismic performance of CFST frame structures is the connection between the beams and columns, which is usually the joint for attaching I-shaped steel beams to CFST columns. In previous studies and practical applications, rigid connections often adopt direct welding details where the I-beams are connected to the CFST columns through direct welding. Different from the I-beam to wide flange column connection, the welded I-beam to rectangular CFST column connection often leads to the separation of the steel tube from the concrete core under tensile loads, resulting in early fracture failure. e reasons for these failure modes are mainly attributable to the load path in CFST column connections, where the tension load is in fact transferred from the steel beam to the out-of-plane bending of the column flange, and the panel zone behavior is also different in wide flange column connections due to the presence of two webs [1, 2] . en, to stiffen the joint region, the welded I-beam to CFST column connections are often stiffened with stiffeners inside or outside the columns [3, 4] or external plates surround the junction region [5] .
Except for the strengthened connections, researchers have also sought alternative or modified connection details that can ensure rigid and ductile connection. One connection design that is regarded as the ideal rigid connection between the I-beam and CFST column is the through-beam connection or through-core connection [6, 7] . e connection is characterized by a continued steel beam or steel girder passing through the column. During the fabrication of the through-core connection, an I-shaped slot is created in the tube. e steel beam is passed through the tube, and then fillet is welded to the tube before concrete filling [8] . Previous comparative tests have proved that these through-core connections present good cyclic behaviors and the highest stiffness when compared to other stiffened connections [9] . e internal load from the steel beam can then firmly transfer into the column with continuous beam construction, and the stress concentration on the tube wall can be effectively alleviated. Several seismic tests have also proven that a through-core connection can provide good seismic performance and achieve the desired seismic design objective of a "strong column-weak beam" and "strong jointweak member" scenario [10] . As a result, the through-core connection has been a well-received option for rigid connections of heavy steel beams to CFT columns in high seismic risk regions [11] .
Despite the advantages in mechanical performance, the through-core connections also possess some practical shortcomings in through-beam construction. When the girder dimension is close to the column diameter, the flange part inside the tube may interfere with the concrete filling in the CFST column and thus weaken the load bearing and bending performance of the CFST column. To address this problem, Zhou et al. [12] proposed a modified through-core detail in which the flange width of the through girder within the column region was reduced to provide space for the concrete to pass as shown in Figure 1 . However, in this way, the load transferring ability of the steel girder was reduced. en, to make up the lost strength from the section reduction, several longitudinal reinforcements (through-core reinforcements, "TC reinforcements" for short) in the reinforced concrete (RC) slab were installed through the CFST columns and welded to the tube to supplement the load transfer. In a composite girder beam, the steel girder and the RC slab are integrated together through shear studs, and then the slab can share the part of the load transferring demand at the upper flange. en, the upper flange can allow for a higher extent of width reduction, and through appropriate setting arrangements of steel girders, the reinforcements in RC slabs and the shear studs, the girder, and the RC slab can interact and reach a balanced load transferring ability.
Several exploratory seismic tests have been performed on these modified through-core connections, and the results have indicated that the modified connection configuration can maintain good seismic performance if the flange width reduction is controlled within a reasonable range [12] . However, quasi-static tests cannot effectively reflect the load bearing mechanism, and the design guidance of the modified through-core connection still requires more in-depth investigation. erefore, in this paper, a dedicated investigation has been performed on the static behavior of the modified through-core connection. Monotonic loading tests were initially conducted. en, based on the test data, rational FE models of the modified connections were established and verified. Based on the test data and numerical simulations, the internal stress distributions, the internal force transferring patterns, and the cooperative working mechanisms between the assembled parts were all studied and discussed. en, parametric studies were performed to investigate the influencing patterns of other connection details, such as flange width reduction degree, longitudinal length of flange reduction, and the quantity of TC reinforcements, through FE analysis. e research results can offer some design suggestions for this type of connection.
Experimental Test Program

Test Specimens.
A total of four full-sized specimens (labeled CFCJ1∼CFCJ4) were tested. e modified through-core connection features the reduction of flange width for the convenience of concrete casting and the supplemented load transfer from TC reinforcements. en, the reduction degree of flange width was selected as the main varying factor. Detailed specimen parameters are given in Table 1 e construction and TC reinforcement arrangements remained the same for the 4 specimens. e steel beam and the RC slab were connected firmly with steel studs (13 × 80@50 mm). e steel beam and TC reinforcements all completely passed through the steel tube and were connected to the square steel column with a fillet weld before the concrete was poured. is type of connection is often applied in high-strength buildings and features a high axial load ratio in the column. During the tests, the axial load ratio n was set as 0.43 times the ultimate bearing capacity of the column. e compressive strength of concrete was obtained through standard cube tests, and the average measured strength was 50.4 MPa. e measured modules and Poisson's ratio of concrete materials were 3.19 × 10 4 MPa and 0.21, respectively. e mechanical properties of the steel plates, steel bars, and studs were also measured through standard tensile tests [13] , and the measured properties are given in Table 2 .
Experimental Setup and Loading Procedure.
e connection specimens were designed to simulate the connection of a frame structure under lateral loads, and then the frame inflection points were assumed at the midspan of the beams and midheight of the columns. e specimens were made into T shape due to the setup limitations. Boundary conditions and loads of specimens are shown in Figure 3 . e column ends were pin constraint at the lateral directions, and the monotonic force in the vertical downward direction was applied to the far end of the connected beam through stepwise loading process. Before the beam loading process, an axial force of 4000 kN (F1) is applied at the top cap of the column with the 20,000 kN actuator, and the load was kept constant throughout the entire testing process. is axial load level was determined based on the 0.43 axial load ratio and the axial bearing capacity 9270 kN of the CFST column calculated according to Chinese Code [14] . A two-stage loading process was adopted for the beam-tip loads (the distance of the loading point to the beam tip is 100 mm). A predicted yield load of the connection P y was obtained through FE analysis prior the test, and the load-control loading method is applied at first during the initial loading period. is load-control protocol was continued until the specimen displayed yielding behaviors or the real-time load-displacement relation displayed obvious stiffness reduction. en, the loading process was turned to displacement control, and the loading amplitudes were increased at an interval of displacement Δ at the moment of yielding. e test would be terminated when the applied load dropped below 85% of its peak value or the specimen can no longer be sustained. Strain gauges were used to measure the strains of the concerned locations in the steel components, throughcore reinforcement, and the RC slab. Displacement meters and inclinometers are mounted to record the displacements and rotations. e detailed layout of the measuring apparatus is given in Figure 4 . 
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Results and Discussion.
During the test, the CFCJ4 specimen failed early due to poor manufacturing quality, and the critical data (load and displacement) were not obtained due to fast degradation. us, only the CFCJ1 to CFCJ3 specimens were compared and discussed. e overall performance and failure modes of the three specimens were similar, and the entire monotonic load bearing process can be classi ed into four stages (S-1∼S-4 in Figure 5 ):
(1) e rst stage was the elastic period in which the relation of the vertical load versus displacement at the beam end was basically proportional. Every part of the connection stayed within the elastic state, and no cracks in the concrete slab were evident. (2) e second stage started from the appearance of the rst crack in the concrete slab (approximately 70 mm away from the column wall in all three specimens). During this stage, the applied vertical load still increased at a high rate as the beam end displacement increased, but the cracks in the RC slab continued to develop. e quantity and length of these cracks gradually increased as the beam-tip load increased, but no penetrating fracture was found.
is stage stopped at the yielding of the connection, which was determined with the general yield moment method (GYMM) [15] . en, at the end of this stage, slight buckling behaviors were presented at the lower anges (such as CFCJ2 and CFCJ3 in Figure 6 (a)). However, the web and the upper ange of the girder showed few visible deformations.
(3) e third stage was the plasticity development stage, in which the load bearing performance of the connection presented a plastic mode. During this stage, vertical displacement grew rapidly under the same increment of vertical load, and the sti ness of the connections decreased dramatically. During this stage, the buckling at the lower anges became more severe, and slight deformation also appeared at the web region. During the latter period of this stage, the horizontal cracks in the RC slab penetrated throughout the entire range, and the cracking extent increased as the applied load increased ( Figure 6(b) ). e maximum crack width even reached 4 mm at the end of this stage. Slippage between the beam upper ange and the RC plate could also be observed to reach the maximum gradually, ranging from 2.0 mm to 3.5 mm, which relates to the maximal shear force between the beam upper flange and the RC plate. (4) When the connection specimens reached the maximum load bearing ability, the specimens entered the fourth stage. is stage was the degradation stage and lasted until failure or the end of the test. During this stage, the bearing capacity of the joints declined continuously as the beam-tip displacement increased. e lower flange of the steel beam displayed local buckling and obvious plastic deformation. A few existing cracks in the RC slab almost penetrated ( Figure 6 (c)) the whole section. However, throughout the test, the CFST columns remained
Concrete slab Advances in Civil Engineering intact without visible deformation, and the deformation and failure behaviors all occurred at the beam and slab regions. Figure 5 shows the obtained applied load versus beamtip displacement relations of CFCJ1-3. From CFCJ1 to CFCJ3, the steel girder had an increased extent of flange width reduction. en, the connections displayed reduced stiffness and load bearing abilities. e CFCJ1 specimen had an intact steel girder and then displayed the highest stiffness and longer elastic region than the others. e reduced flange width led to reduced strength development and early plasticity development. A relatively large strength reduction was displayed between CFCJ1 and CFCJ2, but the difference between CFCJ2 and CFCJ3 was relatively small. is means that the extent of degradation decreased as the flange width decreased from 0.2 to 0.4. Table 3 lists the critical load and displacement at the boundary of adjacent stages, which were the crack moment (cr), yielding moment (y), ultimate strength moment (u), and fast-degraded moment (d). e comparison also indicated relatively more strength reduction between the intact connection and the 0.2 ratio reduction. However, the yield strength and ultimate strength of CFCJ2 and CFCJ3 still maintained more than 85% of the strength of CFCJ1.
Finite Element Models
To better obtain the working mechanism of the modified through-core connections, finite element models of the tested specimens were established using ABAQUS [16] . Following its validation with the experimental results, the internal stress stage and cooperative working mechanism during the loading process were discussed, and then a parametric study was performed using varying critical parameters in Section 4.
Element Types.
Eight-node-reduced integral format 3D solid elements (C3D8R) were used to model the square steel column, steel beam, concrete slab, and loading plates. e truss element T3D2 was applied for the steel bars that were embedded in the concrete, and the truss elements were modified to be distributed in the RC slab in a discrete manner. A tie constraint that can couple two separated surfaces was used to simulate the welds between steel members, and no relative motion was allowed. e RC slab was bonded to the steel girder using shear studs. en, in the FE model, the Timoshenko beam elements B31 were used to simulate the shear studs, and the interaction between the shear stud and the steel beam was simplified with the nonlinear spring elements * SPRING2 [12] . en, during the model establishment process, the Beam-31 shear stud elements were positioned at the location of the shear studs and embedded into the concrete slab. en, the shear studs were constrained to move together with the concrete slab. At the other end of the shear studs, a pair of zero-length spring elements was installed to connect the other end of shear studs and the corresponding node at the steel beam. rough this method, the interactions and the tensile force (spring-2 (V)) and shear force (spring-2 (H)) that transfer between the slab and girder were realized through the two direction spring elements. Figure 7 elements at the shear connections. e mesh size was adjusted to satisfy a good accuracy and a reasonable computational time and was finally settled at approximately 25 mm for the joint region.
Boundary and Loading
Conditions. e boundary and loading conditions were kept the same as in the test and are shown in Figure 7 (a). ree reference points were assigned to the top and bottom surfaces of the CFST column and at the end surface of the beam. e kinematic coupling constraints in ABAQUS were adopted to connect the end surface to the corresponding reference point. en, boundary constraints and point loads were applied to the reference points. e reference points at the bottom column end were constrained at the three directional displacements and the rotation freedom around the x-axis and z-axis. e top column end was restrained at the horizontal displacement freedom and the rotational freedom around the x-axis and z-axis. erefore, only in-plane bending rotation was allowed. A constant axial load was initially applied on the top of the CFST column, and a vertical downward displacement load was applied at the tip point at the beam end.
Material Properties.
e material constitutive model for steel and concrete adopted in this paper was suggested by Ding et al. [17] . A damaged plasticity model and the Willam-Warnke five-parameter failure criteria in ABAQUS were used to model the concrete material. An elastic-plastic model, considering von Mises yielding criteria, Prandtl-Reuss flow rule, and isotropic strain hardening, was applied to account for the steel constitutive behavior of the steel components. Detailed strengths were determined based on measured data in Table 2 , and the parameter settings of the steel and concrete constitutive models can be found in reference [17] . e effectiveness of those constitutive models has been validated through a series of experimental studies [18, 19] . A trilinear model was applied to the shear stud material. e yield strength of the shear studs was 330 MPa, and the hardening modulus was taken as 0.01 E ss , where E ss is the elastic modulus of the shear stud modulus (2.06 × 10 5 MPa). e stiffness value of spring-2 (V) was defined as 1 × 10 7 N/mm. e spring-2 (H) element obeyed the load-slip characteristics of the studs, and the lateral stiffness of the studs was determined with the load-slip relations that were proposed by Ollgaard et al. [20] (equation (1)). e shear capacity of headed studs (P u ) can be calculated with equation (2):
where S is the average slip and P is the shear force per stud. A s is the cross-sectional area of the studs, E c is the elastic modulus of the concrete, and f c ′ is the cylinder compressive strength of the concrete. e Ollgaard theory assumes that P would reach 99% of the ultimate load P u when the slip amount increases up to 5 mm. is lateral resistance-slip theory is also adopted in the latest steel structure design code-AISC 360 [21] .
Contact.
e surface-to-surface contact in ABAQUS was adopted to simulate the contact interactions between the steel and concrete (between steel beam and the RC slab and between steel tube and the infilled concrete). e "HARD CONTACT" mode was adopted for the nominal direction interaction, and the "Mohr-Coulomb friction model" with a friction coefficient of 0.6 was selected to simulate the tangential behaviors with referring related researches [22, 23] .
Numerical Verification, Results, and Discussion
Load versus Displacement
Relations. e comparison of beam end load versus displacement relations from the FE simulations and the test data are given in Figure 8 . e comparison presents good agreement, and the FE models can effectively predict the elastic and plastic stiffnesses and the strength development and degradation process. Figure 9 gives the deformation conditions of each specimen at the moment of maximum strength. e four specimens also present obvious buckling deformation at the bottom beam flange, which corresponded well with the deformations observed in the tests (Figure 6(a) ). e FE results indicated a higher level but a smaller buckling region at the beam end in CFCJ1. For the reduced flange specimens, the weaker flange led to an earlier and larger range of plasticity development, and then the buckling range increased. Figure 10 gives the stress conditions of the four tested specimens at the moment of maximum strength. Specimen CFCJ1-4 also displayed high stress at the TC reinforcements, indicating that the TC reinforcements can effectively participate in load bearing during hogging moment conditions. Due to the throughcore construction, the high stresses at reinforcements outside the column range can effectively transfer into the column, and then the stress levels gradually decrease due to the load redistribution from the reinforcements to the infill concrete through concrete bonding. Under a vertical downward pushing load, the high stress first appeared at the bottom part of the beam web, where the plastic deformation and buckling behavior initiated. Figure 11 shows the stress distribution of the junction region at the column flange. e results indicated that the reduction of flange width can influence the stress states at the column flange. As the extent of flange width reduction increased, the high stress region at the column flange first increased and then decreased. When the flange reduction extent changed from 0 to 0.4, the high-stress state only occurred at the bottom corner region above the bottom flange. When the flange width reduction extent was 0.6, a wider region of column flange presented high stresses, and the high stress region extended to regions around the bottom flange. However, the maximum stress at the column flange still did not exceed the yield point during the entire loading process. CFCJ1-4 had similar peak stress levels at the column flange, even with different flange reduction extents.
Stress Characteristics.
is behavior indicated that the through-core connection mainly transfers the load through the continuous beam, not the bending of column flange. Figure 12 shows the PEEQ (equivalent plastic strain) distribution at the core concrete, which can represent the damage conditions in the concrete. e concrete region corresponding to the RC slab position and around the TC reinforcement region showed a higher level of damage than the other parts. Section 2-2, which is close to the beam column junction boundary, presented dramatically higher damage levels than section 4-4 at the center section (locations can be found in Figure 2) . is difference indicated that the damage decreased rapidly as the distance from the junction boundary increased, which means that the tension load at the reinforcements was gradually shared by the infilled concrete. As the beam flange reduction increased, the peak PEEQ index increased, and the high PEEQ regions also increased. Based on the above analyses, the core concrete also participated in the load bearing, and the resulting damage level and range also increased as the flange width reduction extent increased. erefore, for the modified through-core connections, the extent of flange width reduction needs to be controlled to avoid early and local crushing of infill concrete.
Moment Transfer Mechanism.
To better understand the load sharing patterns between different components, the longitudinal force distributions at the TC reinforcements and the top beam flange and the bottom beam flange at the moment of maximum load were obtained and are compared in Figure 13 . e four specimens presented similar moment transfer mechanisms, and the flange reduction had little effect on the transfer mechanism. To determine the moment transfer efficiency of the joint, the longitudinal force transfer efficiency was extracted from Figure 13 . e transfer efficiency was defined as the ratio of the longitudinal force inside the tube to the force outside the tube, and detailed ratios are given Table 4 . e results indicate that approximately 80% of the internal force at the bottom flange (BF) was directly transferred into the column, with less than 20% of compression force taken by the steel tube. e portion of Advances in Civil Engineering 9 load transfer directly into the column was approximately 93% at the top flange (TF) and even reached 99% at the TC reinforcements. us, the load transfer efficiency of the through-core connection was high. Figure 14 shows the horizontal shear force distribution in different components along the height of the connection region for CFCJ3. Each curve corresponds to a certain beam-tip displacement loading state, and the comparisons can reflect the load transferring variations and the horizontal shear force in the concrete. e horizontal shear force carried by the web of the steel girder did not achieve a maximum shear capacity of 576 kN under monotonic loading. is corresponded to the invisible shear failure at the joint region. In addition, the horizontal force or shear conditions at the infilled concrete displayed varied distributions as the beam end load increased. During the early loading period, the concrete core presented a more uniform horizontal force, and the maximum force occurred around the midheight of the steel girder. is horizontal force distribution resulted from the opposite tension or compression at the two flanges inside the column, leading to a type of pure shear condition in the panel zone concrete. During this period, the load shear at TC reinforcements was limited. When the connection entered the plastic state and the buckling deformation was formulated at the bottom flange, the maximum horizontal force at the infill concrete gradually moved to the locations between the top flange and TC reinforcements. e horizontal force at the infilled concrete was induced from the shear force in the panel zone and the load transmission of tension forces in the TC reinforcements to the concrete. us, the rapid increase of horizontal force at the concrete between the top flange and reinforcements indicated that the TC reinforcements mainly participated in load bearing and transfer after the beam yielded or buckled. Figure 15 shows the distribution of connection rotation between the column (θ c ), panel zone (θ j ), and beam (θ b ) from the midsection location of the column to the beam end. e results indicated that the column rotation was limited within a small level, which mainly came from the elastic bending. e majority of the connection came from the beam bending.
Horizontal Shear Transferring Conditions.
Distribution of Connection Rotation.
is rotation development corresponded to the failure modes. Specimens CFCJ1 and CFCJ2 had a slightly uneven rotation variation at a location approximately 150 mm from the column flange (350 mm from the center of column). CFCJ3 and CFCJ4 had a more gradual rotation increase from 200 mm to 400 mm. is difference came from the difference in buckling extent, in which the specimens that had no flange reduction or a slight flange reduction presented a higher level of plastic hinge deformation and local buckling extent. In CFCJ3 and CFCJ4, the high level of flange reduction led to an increased region for plasticity development; the rotation demand at the joint was ensured through the plastic deformation in tension or compression, and the extent of local buckling was smaller.
Parametric Studies
e test only tested 4 specimens, with the flange reduction ratio being the sole factor. In this section, parametric studies were performed and analyzed to determine the factor influencing the pattern of flange width reduction extent, the length of reduction region, the quality of TC reinforcements, and the number of shear studs.
Flange Reduction.
e above discussion indicated that the TC reinforcements in the RC slab can provide supplemental load transfer adjacent to the top flange. en, the reduction ratio (B/A) can be set to less than 1. e test results also indicated that the connection tended to yield due to the buckling of the bottom flange, and the connection usually failed due to severe buckling deformation at the bottom Figure 16 compares the relationship of the ultimate strength capacity with the reduction degree of the bottom flange under two B/A ratio conditions. e results indicated that the ultimate capacity decreased significantly when the reduction extent exceeded 0.35. When the reduction degree surpassed 0.4, the ultimate bearing strength dropped to a lower level, and the degradation speed slowed down. Case B/A � 1 presented a higher strength level than the case with B/A as 0.7. erefore, the B/ A ratio was suggested to remain at a higher level, and the width reduction degree at the bottom flange was suggested to be controlled within 0.4.
Longitudinal Length of Flange Reduction.
In the modified through-core connection, the beam flanges within the column region and around the joint region were all reduced. e flange width reduction region could also influence the failure mode and bearing strength of the modified connection. en, in this section, the length of the flange reduction region was analyzed. A series of FE models were established with the length of flange reduction region l r in Figure 2 varying from 0 to 400. ree flange reduction ratio conditions were considered under the B/A � 0.7 case. e comparisons are given in Figure 17 . As the reduction length increased, the ultimate capacity also decreased, and the reduction speed was fast in high reduction ratio cases. When l r surpassed 100 mm, the ultimate strength reduction speed slowed down, and the strength tended to be unchanged when l r was larger than 200 mm.
is variation can indirectly indicate that the buckling failure mainly occurred within the 200 mm length range away from the column face. When a high flange width reduction extent is needed for concrete pouring practices, the flange reduction range should be reduced to control the strength loss of the connection.
Quantity of TC Reinforcements.
e TC reinforcement can effectively supply the tension load transferring in accordance with the top flange, and the affecting effect from the quantity of TC reinforcements was then investigated. e tested specimens all had 6 TC reinforcements above the top flange; then, in the FE simulations, the quantity of the TC reinforcements was varied from 0 to 10. en, the yield strength and ultimate strength conditions were obtained and are compared in Figure 18 . Compared to the joint without any TC reinforcements, the ultimate bearing capacity of 2 TC reinforcements was increased by 14.5%. en, as the quantity of the TC reinforcement increases, both the yield strength and the ultimate strength of the connection all increased. e ultimate strength presented a higher level of strengthening effect than the yield strength. When the number of TC reinforcements was more than 8, the connection strengths stopped increasing and tended to a stable level. Since more TC reinforcements meant less space between adjacent reinforcements, the concrete bonding quality at the reinforcements would be reduced. en, the quantity of TC reinforcements can be increased to partially increase the connection strength. However, the numbers should be controlled to ensure a minimum spacing of 25 mm between adjacent reinforcements.
Amount of Head Studs.
e shear studs are in charge of the cooperative bending between the RC slab and the steel girder and the tensile deformation extent of the TC reinforcements. us, the effect of shear studs was analyzed and is compared in Figure 19 . e parametric studies were 
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performed based on the CFCJ3 specimens, of which the shear stud design satisfied the full shear resistance requirements. en, reducing the amount of shear studs to 1/2 (denoted by CFCJ3-1), 1/4 (denoted by CFCJ3-2), and 0 (denoted by CFCJ3-3) of original numbers, the applied load versus displacement relations of the 4 FE models were obtained and compared. e results indicated that the shear studs can effectively influence the load bearing capacity of the connection. With a reduced number of shear studs, the stiffness of the connection, yield strength, and ultimate strength were all reduced. e bearing capacity of the joint decreases by 9.9%, 16.7%, and 26.3% as the number of head studs was reduced to 1/2, 1/4, and 0, respectively. Due to the insufficient shear resistance between the steel girder and the RC slab, slippage occurred at the boundary, and then the composite girder effect was reduced. us, in the throughcore connection, the number or design of shear studs must fulfill the full shear resistance requirement in composite beams.
Conclusion
In this paper, monotonic loading tests and FE simulations were performed on a modified through-core connection. e load bearing conditions, failure modes, cooperative working mechanism, and factors affecting patterns were carefully studied and discussed. e main conclusions can be summarized as follows:
(1) e modified through-core connections all present a plastic hinge failure at the beam end. e reduced 
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Advances in Civil Engineering flange design could lead to a reduction in the yield and ultimate strength of the connection. However, even with a 40% flange width reduction, the connection can still maintain more than 85% of the connection strength. Moreover, the modified through-core connection could facilitate the convenient concrete pouring inside the column, and this connection design still possesses good performance and promising application potential. (2) e FE method used in this paper can effectively predict the load bearing performance and working mechanism of the connection. Due to the throughcore mechanism, the tension and compression force at the steel beam and TC reinforcements can be directly transferred into the column. Less than 10% tensile force at the top flange was transferred to the steel column tube, and less than 20% compressive force at the bottom flange was transferred to the tube. (3) During the early loading stages, the steel girder took the majority load transmission portion. When the connection yielded and the plastic hinge was formulated, the load transfer at the TC reinforcements increased. (4) e B/A ratio was suggested to remain at a higher level, and the width reduction degree at the bottom flange was suggested to be controlled within 0.4. e quantity of TC reinforcements can be increased to partially increase the connection strength. However, the numbers should be controlled to ensure a minimum spacing between adjacent reinforcements. (5) e "longitudinal length of flange reduction" (l r ) would significantly affect the bearing capacity of the joint when varied from 0-100 mm. e shear studs were closely related to the load bearing ability and the cooperative working mechanism. During the design of the connection, the number of shear studs needed to at least fulfill the full shear resistance requirement in composite beams.
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